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(57) Abstract 

A cooling system for a ve- 
hicle eqo^^ with retarder m- 
carpoates an engine cooling cir- 
cuit, a lelaider coofiog dzcuit 
and a ladiator (U) which is com- 
mon to both dicuits. The n- 
taxdei cooling drcoit (24), which 
is axranged in a dicuit parallel 
with the radiator (11), incorpo- 
rates a retaider cooler (23) and 
an extra cooHog medium.pun^ 
(25). This cooling medium pump 
(25) b operated s^aratdy and 
is arranged to (^erate during the 
time when the retarder (2) is ac- 
tivated. The £act that the retarder 
cooling dmdt (24) is connected 
substantially <fiDectly to the radi- 
ator (11) elnxni^ces the problems 
which are due to the presence in 
the engine cooling circuit of a 

thermostat and to the presence in the eqgjne cooling ciicoit of a cooling medium pump (16) whidi depends on the engine speed. 
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Cooling system for a vehicle equipped with a retarder 

This invention relates to a cooling system according to the preamble to patent claim 1. 



State of the art 

Cooling systems for a water-cooled, combustion engine for vehicle use usually incorporate a 
5 radiator and a cooling medium pump, driven mechanically by the engine, for circulating the 
cooling medium through the radiator and the engine cooling ducts. In addition there is in 
parallel with the radiator a pipe via which the cooling medium can bypass the radiator if the 
cooling medium temperature is low. The flow through the bypass pipe is usually controlled 
by means of a thermostat. 

10 

In cases where the vehicle, e.g. a heavy duty truck or a bus, is equipped with a 
siq)plementa]y brake, a so-called letarder, e.g. a retarder of hydraulic type, it is usual for the 
latter to be cooled by means of a letardor cooler which is connected to the ordinaiy cooling 
system of the ragine. As the retarder is situated in the vehicle transmission at the rear end of 

15 the engine, the easiest way of connecting the retarder cooler is in series between the outlet of 
die engine cooling ducts at the rear end of the engine and a pipe cormected to the 
thermostatically controlled inlet of the radiator. Such a connection arrangement has the 
advantage that the ordinaiy cooling system does not have to be modified to any major 
extent It is also a solution wUch makes it easy to incorporate a retarder cooler into existing 

20 vdbicles even if &e cooling system was not originaUy designed with this in n^ This 
solution does however have the disadvantage that all of the cooling inedium which flows 
through die retarder cooler must also pass through the thermostat A braking operation 
generates large amounts of heat in die retarder which have to be removed quickly via the 
retarder cooler. It only takes some few seconds for the cooling medium to heat up locally in 

25 the retarder cooler to boiling temperature, which should be compared with the fact that it 
usually takes some minutes for the thermostat to open fiiUy from a fully closed position. A 
fiuth^ factor to be noted is that the cooling medium pump is usually driven mechanically by 
die engine, with the result that its capacity depends on the engine speed At the tune of a 
brakmg operation, it is natural for the driver to release the accelerator and the engine brakes, 

3 0 resulting in the engine speed decreasing as the vehicle speed declines, with consequently 
lower pump capacity. All this leads to a risk of the cooling medium boiling at the time of 
retarder braking. 
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A known way of attempting to reduce this risk is to adopt during retarder braking a special 
driving technique consisting in the driver changing down before braking, with a view to 
increasing the engine speed and hence increasing the capacity of the cooling medium pump. 
Another way is to reduce the braking capacity of the retarder so that a smaller amount of 
5 heat is developed in it, but this has at the same time the effect of reducing the usefuhiess of 
the retarder. 

A way of compensating for the reduced pump capacity at low engine speeds which is known, 
e.g. from US 5 095 855, is to incorporate a further cooling medium pump in the cooling 

10 system. This extra pump is driven electrically and is connected in series with the ordmaiy 
cooling medium pjonp but is only operated when the cooling medium temperature exceeds a 
certain temperature. In a cooling system without a retarder cooler, this solution does 
perhaps function as intended, but if this solution is enq)loyed in a cooling system with a 
retarder cooler, a possibility which is not mentioned per se, the abovementicmed 

15 disadvantages remain, the extra pump is operated according to the coolmg medium 
tenq)entture, with the result that this cooling system will likewise react too slowly to the 
rapid temperature changes which take place on activation of the retarder. The cooling 
medium is likely to start boiling significantly sooner than the punq) can start influencing the 
cooling medium circulation. If moreover the cooling system incorporates a wax type 

2 0 thermostat as conmionly used for cooling systems, this is far too slow to reduect the whole 
flow to tiie radiator before boiling occurs locally in the retarder cooler. 

A further characteristic of known systems is that the braking capacity of the retarder may be 
nil or severely reduced if the cooling of the retarder ceases to function. TMs may happen, for 

2 5 example, if the engine stops and the operation of the cooling medium pump therefore ceases. 

Although the retarder is often regarded as an extra brake intended to supplement the 
vehicle's ordinary brakes, it also constitutes an extra brake which can be used as an 
emergency brake in cases where the ordinary brakes cease to function. Known cooling 
systems which incorporate retarder coolers and engine-driven cooling medium pumps do 

3 0 however exhibit the disadvantage that the retarder has no braking capacity if the engine 

stops, thereby nullifying the possibility in practice of using the retarder as an emergency 
brake. 
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Object of the invention 

It is an object of this invention to eliminate or at least substantially reduce the disadvantages 
which characterise the known solutions in which a retarder cooler is incorporated in an 
engine cooling system. One object is therefore to ensure proper cooling and prevent risk of 
5 local boiling in the retarder cooler c^ven when the engine is operating at low speed and the 
retarder is used for vehicle braking. Another object is to facilitate optimum and effective use 
of the retarder without having to deliberately reduce its braking capacity because of the risk 
of boiling. A further object is to make it possible to achieve optimum design of the cooling 
system with regard to the ordinary cooling requirements of the engine when the retarder is 
1 0 not being used. In addition, the cooling system should be simple and ine?qpensive and not 
require any more extensive modifications of other conqponents of the cooling system in cases 
wh^ it is supplemented by a retarder cooler. 

Another object of great significance is to make it possible in a multiplicity of operatmg 
15 circumstances to use the retarder as an emergency brake when the ordinaiy brakes of the 
vehicle cease to function. 

Brief description of the invention 

According to the invention, the objects stated above are achieved by the cooling system 
20 being designed with the features which are indicated in the charactmsing part of patent claim 
1. Operation according to the invention of the second pump in correlation with activation of 
the retards makes it possible for an increased cooling medium flow to start immediately, 
before the cooling medium tenq)erature rises. The result is a greater maigin before the risk 
of boiling arises. Placing the second pump and the retarder cooler in a separate circuit 
25 makesthiscircuitindependentof the ordinary thermostat. The result is to eliminate 
completely the disadvantages which are due to the slowness of the thermostat, and also to 
eliminate the pressure drop which the thermostat causes. In a conventional cooling system 
with a wax type thermostat it is not unusual for the thermostat to be responsible for half of 
the pressure drop of the whole cooling systenL This means that half of die energy consumed 
3 0 for operating the pump is only used to overcome the pressure drop due to the thermostat A 
duect consequence of the invention is that there is no need for the dimensioning of the 
second pump to take the pressure drop due to the thermostat into account. 
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Using a separately operated pump for the circulation of cooling medium through the retarder 
cooling circuit makes this circulation independent of engine operation. The rctarder can 
thercforc be used for braking even if the engine stops. 

5 In an advantageous embodiment of.the invention, the second pump and the retarder cooler 
are placed in a sq>arate cooling circuit which is parallel with the radiator. This embodiment 
is easy to apply to an existing cooling system, as it involves no major encroachment on the 
other cooling system. It is also possible to dimension ttxt cooling system according to the 
cooling requircments of the engine without having to take appreciably into account the 
10 influence of the retarder cooler and the second pump. 

In another advantageous embodiment, the retarder cooler is placed in a pipe which is also 
incorporated in the cooling circuit of the engine and which therefore has coolmg medium 
flowing through it at aU times during nornialopmtion of the engine. In this case the coolmg 

1 5 medium which is led to the cooling ducts of the engme will pass first through the retarder 
cooler. This embodiment makes it possible for the retarder, through bemg controlled 
according to a special programme during starting of the engine, to be used to speed up the 
warming up of the engine. In this case the retarder is connected so as to perform braking 
work at the same time as the engine is operation at a load, with the result that the heat 

20 graerated in the letanler raises the cooling niedium temperature, which 
raises the ragme temperature to normal operatmg temperature. 

Further advantages and charact^istics distinguishing (he invention are indicated in the 
following description, which ex^lifies two embodiments of the invention. * 
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List of figures 

The description is given with reference to the attached schematic drawings of the engine 
cooling systeni, which incorporates a second cooling medium pump and a retarder cooler. 
Fig. 1 shows an embodiment in which the second pump and the retarder cooler are placed 
5 in a separate circuit, and . 

Fig.2 shows an alternative embodiment in which a second pump is incorporated in the same 
cooling circuit as the ordinary cooling medium pump of the engine. 

t>escription 

1 0 Fig. 1 depicts schematically a cooling system for a combustion engine 1 , e.g. a diesel engine 
used for powering a heavy duty vehicle such as a tmck or a bus. In the engme there are 
cooling ducts 3 which form part of fbt engine cooling medium circuit and have cooling 
medium flowing through thm with a view to coolmgihe engine. The cooling medium 
consists of a liquid which advantageously consists of a mixture of wat^ and glycol An 

1 5 outlet 5 from the engine cooling ducts 3 is connected via a first pipe 6 to a thermostat 
housing 7 which contains a thermostat, i.e. a valve controlled by the cooling medium 
temperature. The thermostat housmg 7 is in its turn connected both to a second pipe 8 and 
to a bypass pipe 9. The second pipe 8 is connected to the inlet 10 of a radiator 11 whose 
outlet 12 is connected via a third pipe 13 and a fourth pipe 14 to the inleMS of an ordinary 

20 cooling inediumpun^) 16 wUch is driven mechariicaUy by the engine. An outlet 17^ 
cooling medium pump 16 is directly connected to an inlet 18 of die engine cooling ducts 3. 
The aforesaid bypass pipe 9 is connected not only to the tfa^mostat housmg 7 but also to a 
connection between the thud pipe 13 and the fourth pipe 14 and tiius constitutes a line which 
runs parallel with the radiator 1 1 and allows cooling medium to bypass tiie radiator 1 1 in a 

2 5 manner dependent on the action of the thermostat contained in the thermostat housing 7. 
The ordinary cooling medium pump 16 is driven mechanically by the engine crankshaft and 
its cq)acity dq)ends accordingly on the operating speed of the engine. The coolmg system 
as so far desoibed constitutes an engine cooling circuit which is conventional for present-day 
engines. 

30 

In this case the vehicle is equipped witii a retarder 2, which is a supplementary brake 
connected to the vehicle transmission. In this embodiment the retarder 2 is of hydraulic type, 
which means that the braking effect is created by the hydrauUc fluid of the retarder being 
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forced to circulate in it under resistance. The result is that at the time of braking the 
hydraulic fluid will absorb the heat which is generated during a braking operation and which 
causes a rapid rise in the temperature of the hydraulic fluid. With a view to removing heat 
from the hydraulic fluid by means of the engine cooling system and its radiator 11 , the 
5 retarder 2 incorporates a letarder cooler 23 which in practice consists of a heat exchanger 
arranged between the hydraulic fluid of the retarder 2 and the cooling medium of the cooling 
systentL The retarder cooler 23 is incorporated in a separate retarder cooling circuit 24 
which is parallel with the radiator 1 1 and which also incorporates an extra cooling medium 
pump 25. This cooling medium pump 25 is operated separately, which means that its 

1 0 capacity is independent of the vehicle engine operating speed or other engine parameters. In 
this embodunent the pump 25 is driven by an electric motor which operates under the 
influence of an electrical control system 26. Altematively the pump 25 may be driven by a 
hydraulic motor The control system 26 is also connected to a sensor 21 associated with the 
retarder 2 with a view to the control unit 26 indicating wheth^ the retarder is activated or 

15 not The pump 25 is advantageously of displacement type, e.g. of wing pump type, which 
has the advantage that tte pmsp 25. at standstill also prevents cooling medium flow through 
the retarder cooling circuit 24. The outlet of the pump 25 is connected to the inlet 27 of the 
retarder cooler 23 but may altematively be connected to the retarder cooler oudet 28. The 
retarder cooling ckcuit 24 also incorporates pipes for respective connection to the engine 

2 0 cooling system at a connection between the outlet 12 of the radiator and the third pipe 13 
and at the inlet 10 of the radiator 11. 

The fiwction of the cooling system described is as follows. It is initially assumed that the 
radiator 2 is not activated and that die extra cooling medium pump 25 is not runi^ This 

2 5 pump 25 will therefore block flow through the retarder cooling circuit 24. However, the 
ordinary cooling medium pump 16 will, to an extent depending on the operating speed of the 
engine 1, circulate cooling medium through the engine cooling circuit, i.e. through the engine 
cooling ducts 3 and on to the thennostat housing 7, from which it goes on, depending on the 
cooling medium temperattjre, through the radiator 1 1 or the bypass line 9 or dividedly 

30 through both. In these circumstances the cooling system operates conventionally and the 
retarder cooler 23 and the extra pun^ 25 exert no influence of any kind. When the vehicle 
driver activates the retarder 2 and the latter conventionally provides braking, the control unit 
26 receives from the sensor 21 an indication thereof, with the result that the extra cooling 
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medium pump 25 starts running substantially simultaneously with the activation of the 
rctarder 2. Cooling medium will then be, drawn in from the outlet 12 of the radiator 1 1 and 
be punq)ed through the retarder cooling circuit 24 with the retarder cooler 23 and back to 
the radiator inlet 10. At the radiator inlet 10, cooling medium which has passed through the 
5 engine cooling ducts 3 will, assummg that the thermostat is open, be merged with cooling 
medium from the retarder cooler 23 so as to form a common flow through the radiator 1 L 
If the capacity of the extra pump 25 substantially exceeds that of the ordinary pump 16, a 
major proportion of the flow from the retarder cooler 23 will also be led to the radiator 1 1 . 
This may cause somewhat impaired cooling of the cooling medium from the eiigine cooling 

10 ducts 3. However, as the engine runs at low load during a braking operation and therefore 
generates a relatively small amount of heat, this factor is not critical for the engine during the 
time which the braking operation takes. It is advantageous for the two cooling medium 
pumps 16, 25 to be diinensioned with regard to cq)acity and pressure so that there is 
optimum circulation through the retarder cooling circuit 24 and the engme cooling circuit in 

15 at least the majority of operating conditions. This means inter alia that the extra pimip 25 
should not give rise to any backflow in the engine cooling circuit at normal engine speeds 
and should preferably also permit sufficient cooling of cooling medium from the engine 
cooling circuit. 

Cessation of retarder braking is detected by the sensor 21, whereupon the control unit 26 
may switch off the extra pump 25. In principle the extra pump 25 should be arranged to 
operate during the p^od when the retarder 2 is activated, but it may be more advantageous 
to allow the pump to operate for a further period, since the ctioMg medium temperature 
afler braking may be high. It is also possible that the driver may activate the retarder again 
shortly afterwards, which might cause a number of repeated switchings on and off. For these 
reasons the control unit 26 incorporates control devices which keep the pump 25 operating 
for a certain predetermined time, of the order of 30 seconds to some minutes, after retarder 
activation has ceased. Alternatively the control unit 26 may be connected to devices which 
detect the cooling medium temperature m order to switch the pump off when the cooling 
medium temperature falls below a certain tenc^rature. 

Activation of the retarder 2 is detected by the sensor 21, which influences the control unit to 
activate the extra cooling medium pump 25. This leads to cooling medium from the outlet 
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28 of the letarder cooler 23 being caused to flow through the retarder cooling circuit 24 and 
directly to the radiator inlet 10. This flow is therefore entirely independent of the thermostat 
contained in the thermostat housing 7, The cooling medium will thus be cooled as much as 
is possible in the radiator 1 1 even if its temperature is initially low. This coolmg of the 
5 cooling medium reduces the risk of boiling arising from the development of heat in the 
retarder. When the retarder 2 in connection with a braking operation starts to give off heat 
in the xetarder cooler 23, the cooling medium is partly cooled down and also the cooling 
medium flow through the retarder is high because of activation of the extra pump 25. 

1 0 With a view to enhancing this function, the invention may in a modified embodiment be 
arranged so that the driver can immediately activate the extra pump 25 manually, e.g. if the 
cooling medium temperature is abnormally high. 

Hg.2 depicts an alternative embodiment of the invention which incorporates the isame 
15 components as mentioned sd^ove but arranged in an dtemativeniann^. The conq)onents 
therefore have, wherever possible, the same reference notations as used above. The principal 
(Ustinguishing feature of the embodiment according to Rig.2 is diat the retarder cooler 23 is 
situated in the fourth pipe 14, i.e. the pipe between the radiator outlet 12 and the inlet 15 of 
the ordinary pump 16, which pipe 14 also forms part of the engine cooling circuit In this 

2 0 case, however, the extra pump 25 is situated in a separate pipe 31 between the retarder 

cooler outlet 28 and the radiator inlet 10. The pipe 3 1 also incorporates a check valve 32 
intended to prevent cooling medium flow in the reverse direction when the pump 25 is not 
activated and in cases where the pump 25 is not of displacement type. The check valve 32 
may of course also be used in conjunction with a pump of displacement type to further 
25 ensure that no cooling medium passes through the pump 25 in the wn)ngdi^ If the 
pump is of displacement type, however, the check valve 32 may normally be omitted. For 
tiie same reason, the cooling system depicted in Fig.l should also be supplemented by a 
corresponding check valve if the pump 25 is not of displacement type. 

3 0 The function of the embodiment depicted in Fig.2 is substantially the same as that described 

above with reference to Fig,l. When the retarder 2 is not activated, the extm pump 25 is not 
activated either. Flow of cooling medium through the pipe 3 1 is prevented by the pump if it 
is of displacement type, and also, in the present case, by the check valve 32. In a similar 
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manner to that described above, cooling medium is pumped by the ordinary pump 16 
through the engine coolmg ducts 13 and on to the thermostat housing 7, from which it goes 
on to the radiator 1 1 and/or the bypass pipe 9, depending on the cooling medium 
tenq)erature. Thereafter the whole cooling medium flow goes on to the fourth pipe 14 and 
5 passes through the retarder cooler 23, the pump inlet 15 and the pump 16 for renewed 
circulation through the engine cooling ducts 3. 

Deactivation of the extra pump 25 takes place in a similar manner to that described above 
with reference to Fig. 1 , 

10 

The embodiment according to Fig.2 exhibits a further advantage which may be used, in 
connection wifli starting the engine, to speed up the warming up of the engine to normal 
operatmg temperature. At the time of starting the engine, the cooling medium ten^erature is 
low and tiie thermostat will direct tiie cooling medium through the bypass pipe 9, since there 

15 is no cooling rcqukemcnt It is assumed that the retarder 2 is not activated at the tune. The 
driver's activation of a special warming-up function in the control system (not depicted) of 
the retarder 2 causes the retarder to exert a braking effect at the same time as the vehicle is 
otherwise being driven normally. In this case, however, there is no activation of the extra 
pun^ 25. This results not only in the retarder 2 exerting a braking efEect which increases the 

2 0 load on the engine and thereby speeds up the warming up, but also in the heat generated in 
the retarder being imparted (Brectly in the retarder cooler 23 to 
passage of which through the engine cooling ducts 3 speeds up fiie warming up of the 
engine. 

2 5 The risk of boiling means that in this warming-up programme the retarder 2 cannot be made 
to exert a full braking effect This warming-up function is stored as a programme m the 
retarder control system and this control system is also connected to the pump control unit 
26. No further description of this warming-up function wiD be given hoe, as it does not 
directly form part of the invention. 

30 

The invention may assume alternative embodiments within the scope of the patent claims 
attached. The description and the patent clahns mdicate that the retarder cooler 23 is 
connected to the inlet 10 and outlet 12 of the radiator 1 1. This inlet 10 and outlet 12 denote 
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not only what is arranged on the actual radiator 1 1 but also the pipes 8, 13 which are 
connected respectively to the inlet 10 and outlet 12, or other pipes which may be used for 
corresponding connections. 

5 According to the description, a sensor 21 and a control unit 26 are used for detecting 
activation of the retarder 2 and for causing operation of the second pump 25. In a simple 
embodiment these conq)onents may also take the form of simple components, e.g. the sensor 
may take the form of the control which the driver uses for activating the retarder and the 
control unit may take the form of a simple relay. Both the control unit 26 and the sensor 21 
1 0 therefore may not always take the form of components which are usually referred to by these 
expressions, but may take the form of any components which function in a similar maimer. 

In both of the embodiments ^enq)lified above, the extra pump 25 was assumed to be driven 
by an electric motor and the control unit 26 controlled the operation of the punq> by 

15 controlling the electric motor. In an alternative embodiment the pump need not need not be 
driven by an electric motor. Instead, it may be operated by the pump 25 being connected to 
another drivmg device which causes the pump to operate during the time when the retarder 
is activated- Such a driving device may for example consist of a driving power connection 
with the vehicle transmission, e.g. with the output shaft from the vehicle gearbox or with a 

20 power take-off on the gearbox. Such a driving power connection should at the same time 
incoxporate a leleasable connection such as an electromagnetic clutch to facilitate activation 
and deactivation of the pump in a similar manner. A control unit similar to what has been 
described is then used to activate the electromagnetic clutch to bring the extra pump into 
q)eration on activation of the retarder. All that is really essential is that activation of the 

2 5 retards also somehow causes activation of the extra pump during the time when the retarder 
is activated. 
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Patent claims 

1 . Cooling system for an engine-driven vehicle equipped with retarder and incorporating an 
engine cooling circuit for cooling the vehicle engine (1) and a retarder cooling circuit 

(24) for coolmg the retarder (2), in which the engine cooling circuit incorporates an 

5 engine radiator (11), a first cooling medium patnp (16) for circulation of cooling medium 
through the engine cooling ducts (3) and a thermostat housing (7) containing a 
thermostat which detects the cooling medium temperature in order, in a manner 
dependent on the latter, to direct the cooling medium through the engine radiator (11) 
and/or through a bypass pipe (9) bypassing the engine radiator (1 1), and m which the 

1 0 retarder cooling circuit (24) incorporates a retarder cooler (23) intended to transfer heat 
engendered in the retarder (2) during braking operations to the cooling medium, 
characterised in that the retarder cooling circuit (24) consists of a circuit which 
is parallel with the engine radiator (1 1) and is connected on the one hand to the inlet (10) 
of the engine radiator (1 1) and on the oOier hand to the outlet (12) of the engine radiator 

15 (1 1), that the radiator cooling circuit (24) incorporates a second cooling medium pump 

(25) and that the second cooling medium pump (25) is connected to a driving device 
which is arranged to cause the second pun^ (25) to operate during the time when the 
retarder (2) is activated. 

20 2. Cooling system according to patent claim 1, characterised in that the operation 
of the second pvanp (25) takes place under the influence of a control unit (26), that the 
control unit (26) is connected to a sensor (21) which detects activation of the retarder 
and that the control unit (26) is arranged to cause the second cooling medium pump (25) 
to operate during activation of the retarder. 

25 

3. Cooling system according to patent claim 1 or 2, characterised in that the 
second cooling medium pwap (25) is driven by an electric motor or a hydraulic motor. 

4. Coolingsystemaccordingtopatentclaim2,characterised in that the second 
30 pump (25) is connected to the transmission of the vehicle via a driving power transfa* 

connection which incorporates a clutch controlled by the control unit (26). 
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5, Cooling system according to any one of the foregoing patent claims, 

c h a r a c t e r i s e d in that the second cooling medium pump (25) has an outlet 
connected directly to the inlet (27) of the retarder cooler (23), 

5 6. Cooling system according to any one of the foregoing patent claims, 

characterisedin that the letarder cooler (23) is situated in a pipe (14) which is 
common to the engine cooling circuit and which at the retarder cooler outlet (28) is 
connected both to the inlet (15) of the first cooling medium pump (16) and to the inlet of 
the second cooling medium pump (25). 

10 

7. Cooling system according to any one of the foregoing patent clahns, 
characterised in that the retarder cooling circuit (24) incorporates a check valve 
(32) which blocks flow through the retarder cooling circuit (24) in a direction opposed 
to the normal direction of flow of the second punq) (25). 

15 

8. Cooling system according to any one of the foregoing patent claims, 
characterisedin that the second cooling medium pump (25) is of displacement 
type which at standstill blocks the flow of cooling medium through the pump (25). 
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